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STYRENE-ISOBUTYLENE COPOLYMERS
AND MEDICAL DEVICES CONTAINING THE
SAME

STATEMENT OF RELATED APPLICATION

This application claims prionty from U.S. provisional
application 61/099,064 filed Sep. 22, 2008, which 1s incorpo-
rated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to styrene-isobutylene
copolymers and to medical devices contaiming the same.

BACKGROUND OF THE INVENTION

The use of polymeric materials 1n medical devices for
implantation or insertion 1nto the body of a patient 1s common
in the practice of modern medicine. For example, polymeric
materials such as silicone rubber, polyurethane, and fluo-
ropolymers, for instance, polytetratluoroethylene (PTFE),
expanded PTFE (ePTFE) and ethylene tetrafluoroethylene
(ETFE), are used as coating materials/insulation for medical
leads, providing mechanical protection, electrical insulation,
or both.

As another example, drug eluting stents are known which
have polymeric coatings over the stent that release a drug to
counteract the effects of in-stent restenosis. Specific
examples of drug eluting coronary stents include commer-
cially available stents from Boston Scientific Corp. (TAXUS,
PROMUS), Johnson & Johnson (CYPHER), and others. See
S.V.Ranadeetal., Acta Biomater. 2005 January; 1(1): 1377-44
and R. Virmani et al., Circulation 2004 Feb. 17, 109(6):
701-5. Various types of polymeric materials have been used in
such polymeric coatings including, for example, homopoly-
mers such as poly(n-butyl methacrylate) and copolymers
such as poly(ethylene-co-vinyl acetate), poly(vinylidene
fluoride-co-hexatluoropropylene), and poly(styrene-b-1sobu-
tylene-b-styrene) triblock copolymers (SIBS). SIBS triblock
copolymers have a soft, elastomeric low glass transition tem-
perature (1'g) midblock and hard elevated Tg endblocks. Con-
sequently, SIBS copolymers are thermoplastic elastomers, 1n
other words, elastomeric (1.e., reversibly deformable) poly-
mers that form physical crosslinks which can be reversed by
melting the polymer (or, 1n the case of SIBS, by dissolving the
polymer 1n a suitable solvent). SIBS 1s also highly biocom-
patible and biostable.

SUMMARY OF THE INVENTION

In accordance with various aspects of the invention,
copolymers comprising styrene and 1sobutylene monomers
are used 1n the construction of implantable and insertable
medical devices for electrical stimulation, including, for
example, electronic signal generating components and elec-
trical leads for such devices.

Potential advantages of the present invention include one
or more of the following, among others: (a) enhanced device
reliability due to reduced insulator degradation and/or
increased durability; (b) improved speed of manufacturing;
(c) improved production yield; and (d) reduced lead size.

These and other aspects, embodiments and advantages of
the present invention will become readily apparent to those of
ordinary skill 1n the art upon review of the Detailed Descrip-
tion and Claims to follow.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic longitudinal cross sectional view of
a portion of a medical lead, 1n accordance with an embodi-
ment of the mvention.

FIGS. 1B and 1C are alternative expanded views of areca A
from FIG. 1A, 1n accordance with two embodiments of the
ivention.

FIG. 2A 1s a schematic longitudinal cross sectional view of
a portion of a medical lead, 1n accordance with another
embodiment of the mnvention.

FIG. 2B 1s a cross section of the device of FIG. 2A, taken
along line B-B.

FIG. 3A 1s a schematic longitudinal cross sectional view of
a portion ol a medical lead, 1n accordance with another
embodiment of the invention.

FIG. 3B 1s a cross section of the device of FIG. 3A, taken
along line B-B.

FIG. 4 1s an alternative cross section to that of FIG. 3B.

FIG. 5 15 a schematic longitudinal cross sectional view of a
portion of a medical lead, 1n accordance with yet another
embodiment of the mnvention.

FIG. 6 1s a schematic 1llustration of an implantable cardiac
device mcluding a lead assembly shown implanted in a sec-
tional view of a heart, the lead assembly employing styrene-
1sobutylene copolymers 1n accordance with an embodiment
of the present invention

DETAILED DESCRIPTION OF THE INVENTION

A more complete understanding of the present invention 1s
available by reference to the following detailed description of
numerous aspects and embodiments of the mvention. The
detalled description of the invention which {follows 1s
intended to illustrate but not limit the invention.

As 1s well known, “polymers™ are molecules containing
multiple copies (e.g., from 2 to 5 to 10 to 25 to 50 to 100 to
1000 to 10,000 or more copies) of one or more constitutional
units, commonly referred to as monomers. As used herein, the
term “monomer”’ may refer to free monomers and to those
that have been incorporated mto polymers, with the distinc-
tion being clear from the context in which the term 1s used.

Polymers may take on a number of configurations, which
may be selected, for example, from linear, cyclic and
branched configurations, among others. Branched configura-
tions include star-shaped configurations (e.g., configurations
in which three or more chains emanate from a single branch
point), comb configurations (e.g., configurations having a
main chain and a plurality of side chains, also referred to as
“oralt” configurations), dendritic configurations (e.g.,
arborescent and hyperbranched polymers), and so forth.

As used herein, “homopolymers™ are polymers that con-
tain multiple copies of a single constitutional unit (1.e., mono-
mer). “Copolymers™ are polymers that contain multiple cop-
1ies of at least two dissimilar constitutional units.

As used herein, “block copolymers” are copolymers that
contain two or more polymer blocks that differ 1n composi-
tion, for instance, because a constitutional unit (1.¢., a mono-
mer) 1s found 1n one polymer block that 1s not found in
another polymer block. As used herein, a “polymer block™ or
“block™ 1s a grouping of constitutional units (e.g., 2 to 5 to 10
to 25 to 50to 100 to 1000 to 10,000 or more units). Blocks can
be unbranched or branched. As used herein, a “chain™ 1s a
linear (unbranched) block.

In accordance with various aspects ol the invention,
copolymers comprising styrene and 1sobutylene monomers
(referred to herein as “styrene/isobutylene copolymers™ or
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“SIBC’s”), including poly(styrene-co-1sobutylene) copoly-
mers and block copolymers comprising one or more polysty-
rene blocks and one or more polyisobutylene blocks, for
example, poly(styrene-b-1sobutylene) diblock copolymers,
poly(styrene-b-1sobutylene-b-styrene) triblock copolymers
(SIBS), poly(isobutylene-b-styrene-b-1sobutylene) triblock
copolymers (IBSIB), as well as thermoplastic polyurethanes
containing polystyrene and polyisobutylene blocks, among
many other possibilities, are used 1n the construction of
implantable and insertable medical devices.

More particularly, SIBC contaiming materials may be used
in the construction of implantable and insertable medical
devices for electrical stimulation, in accordance with various
embodiments ol the invention. Such devices typically include
(a) an electronic signal generating component and (b) one or
more leads. The electronic signal generating component com-
monly contains a source of electrical power (e.g., a sealed
battery) and an electronic circuitry package, which produces
clectrical signals that are sent into the body (e.g., the heart,
nervous system, etc.). Many electronic signal generating
components also have the capability to receive and respond to
signals that are emitted by the body (1.e., they are electronic
signal generating/sensing components). Leads comprise at
least one tlexible elongated conductive member (e.g., a wire,
cable, etc.), which 1s insulated along at least a portion of 1ts
length. The conductive member 1s adapted to place the elec-
tronic signal generating component of the device 1n electrical
communication with one or more electrodes, which provide
for electrical connection with the body. Leads are thus able to
conduct electrical signals to the body from the electronic
signal generating component. Leads may also relay signals
from the body to the electronic signal generating component.

As a specific example, referring to FIG. 6, there 1s shown a
patient internal medical device (PIMD) that represents one of
several types ol devices with electronic signal generating
components and implantable leads that may benefit from the
use of SIBC containing materials 1in accordance with various
embodiments of the present mvention. For example, the
PIMD illustrated 1n FIG. 6 as a pacemaker/defibrillator, may
be representative of all or part of a pacemaker, defibrillator,
cardioverter, cardiac monitor, or resynchronization device
(e.g., multichamber or multisite device). Accordingly, the
present invention may be useful for signal generating com-
ponents and leads used 1n a wide variety of implantable medi-
cal devices that sense and stimulate cardiac activity.

The implantable device illustrated 1n FIG. 6 1s an embodi-
ment of the PIMD including an electronic signal generating/
sensing component 400 (specifically, an implantable pace-
maker/defibrillator) electrically and physically coupled to an
intracardiac lead system 402. The intracardiac lead system
402 1s implanted 1n a human body with portions of the intra-
cardiac lead system 402 inserted 1nto a heart 401. Electrodes
of the intracardiac lead system 402 may be used to detect and
analyze cardiac signals produced by the heart 401 and to
provide stimulation and/or therapy energy to the heart 401
under predetermined conditions, to treat cardiac arrhythmias
of the heart 401.

The PIMD depicted 1n FIG. 6 1s a multi-chamber device,
capable of sensing signals from one or more of the right and
left atria 420, 422 and the right and left ventricles 418, 424 of
the heart 401 and providing pacing pulses to one or more of
the right and left atria 420, 422 and the right and left ventricles
418, 424. Low energy pacing pulses may be delivered to the
heart 401 to regulate the heartbeat or maintain a cardiac
rhythm, for example. In a configuration that includes cardio-
version/defibrillation capabilities, high-energy pulses may
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also be delivered to the heart 401 if an arrhythmia 1s detected
that requires cardioversion or defibrillation.

The intracardiac lead system 402 includes a right ventricu-
lar lead system 404, a right atrial lead system 4035, and a left
atrial/ventricular lead system 406. The right ventricular lead
system 404 includes an RV-tip pace/sense electrode 412, an
RV-coil electrode 414, and one or more impedance sense/
drive electrodes 461, 462, 463. In one arrangement, 1imped-
ance sense and drive electrodes 461, 462, 463 are configured
as ring electrodes. The impedance drive electrode 461 may be
located, for example, 1n the right ventricle 418. The imped-
ance sense electrode 462 may be located in the right atrium
420. Alternatively or additionally, an impedance sense elec-
trode 463 may be located 1n the superior right atrium 420 or
near the right atrium 420 within the superior vena cava. The
RV-tip electrode 412 1s positioned at an appropriate location
within the right ventricle 418 for pacing the right ventricle
418 and sensing cardiac activity in the right ventricle 418. The
right ventricular lead system may also include one or more
defibrillation electrodes, 1.¢., coils 414, 416, positioned, for
example, 1n the right ventricle 418 and the superior vena cava,
respectively.

The atnial lead system 405 includes A-tip and A-ring car-
diac pace/sense electrodes 456, 454. In the configuration of
FIG. 6, the intracardiac lead system 402 1s positioned within
the heart 401, with a portion of the atrial lead system 4035
extending into the right atrtum 420. The A-tip and A-ring
clectrodes 456, 454 are positioned at an appropriate location
within the right atrium 420 for pacing the right atrtum 420 and
sensing cardiac activity in the right atrium 420.

The lead system 402 1llustrated in FIG. 6 also includes a
lett atrial/left ventricular lead system 406. The left atrial/lett
ventricular lead system 406 may include, one or more elec-
trodes 434, 436, 417, 413 positioned within a coronary vein
4635 of the heart 401. The left atrnial/left ventricular lead sys-
tem 406 may 1nclude, for example, one or more endocardial
pace/sense leads that are advanced through the superior vena
cava (SVC), the right atrium 420, the valve of the coronary
sinus, and the coronary sinus 450 to locate the LA-tip 436,
LA-ring 434, LV-tip 413 and LV-ring 417 electrodes at appro-
priate locations adjacent to the left atrtum 422 and left ven-
tricle 424, respectively. In one configuration, the left atrial/
left ventricular lead system 406 1s implemented as a single-
pass lead. It1s understood that the preceding descriptions with
regard to LV-tip 413 and LV-ring 417 electrodes are equally
applicable to a lead configuration employing distal and proxi-
mal LV rning electrodes (with no LV-tip electrode).

Additional configurations of sensing, pacing and defibril-
lation electrodes may be included in the intracardiac lead
system 402 to allow for various sensing, pacing, and defibril-
lation capabilities of multiple heart chambers. In other con-
figurations, the intracardiac lead system 402 may have only a
single lead with electrodes positioned, for example, 1n the
right atrium or the right ventricle to implement single cham-
ber cardiac pacing. In yet other embodiments, the intracardiac
lead system 402 may not include the left atnial/left ventricular
lead 406 and may support pacing and sensing of the right
atrium and right ventricle only. For further information
regarding lead configurations, see, e.g., U.S. Pat. No. 7,347,
751 to Sweeny et al.

Various lead and electrode arrangements and configura-
tions 1n addition to the foregoing are clearly within the scope
of the devices of the present invention.

As can be seen from the foregoing discussion, the present
invention 1s applicable to a wide variety of medical devices
with electronic signal generating components and 1mplant-
able leads. For example, 1n accordance with the present inven-
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tion, SIBC containing materials may be used to form lead
insulation components through which at least one conductor
extends, including single-lumen and multi-lumen extrusions
and tubular (tube-shaped) insulation layers, as well as lead tip
materials, headers, and various other lead components. SIBC
containing materials may also be used as encapsulation/insu-
lation materials for electronic signal generating/sensing com-
ponents, examples of which include implantable pulse gen-
erators, implantable cardioverter-defibrillators (ICDs) and
implantable cardiac resynchronization therapy (CRT)
devices. Such electronic signal generating/sensing compo-
nents may be used, for example, in conjunction with right
ventricular lead systems, right atrial lead systems, and left
atrial/ventricular lead systems and may be used to treat, for
example, bradycardia, tachycardia (e.g., ventricular tachycar-
dia) or cardiac dyssynchrony 1n a vertebrate subject (includ-
ing humans, pets and livestock). The present invention 1s also
applicable to leads and electronic signal generating/sensing
components for neurostimulation systems such as spinal cord
stimulation (SCS) systems, deep brain stimulation (DBS)
systems, peripheral nerve stimulation (PNS) systems, gastric
nerve stimulation systems, cochlear implant systems, and
retinal implant systems, among others.

SIBC’s may be synthesized according to known methods,
particularly controlled/*living” cationic polymerization. For
turther information regarding synthesis of styrene-isobuty-
lene copolymers, including poly(styrene-b-1sobutylene-b-
styrene) triblock copolymers (SIBS), see, e.g., U.S. Pat. No.
6,545,097 to Pinchuk et al. and the references cited therein.

The properties of SIBC’s, imncluding SIBS, may be modi-
fied by varying the ratio of styrene to 1sobutylene within the
copolymer. Typically, the styrene monomer content of the
styrene/1sobutylene copolymers of the invention ranges from
15to 50mol % (e.g., from 15 to 17.5to 2010 22.5 to 25 to 30
to 35 to 40 to 45 to 50 mol %). Thus, where no additional
monomer 1s provided within the copolymer, the 1sobutylene

content of the copolymers typically ranges from 85 to 50 mol
% (e.g., Irom 8510 82.5t080to77.5to 75to 70 to 65 to 60 to

55 to 50 mol %).

In various embodiments, the styrene content will be 20 mol
% or greater, and more typically 22.5 mol % or greater. This
amount of styrene 1s greater than the amount that 1s typically
found 1n the SIBS used in stent coatings (1.e., about 17 mol %
styrene), which coatings are typically formed on metallic
stents via solution coating processes. The higher styrene con-
tent 1s desirable from the perspective of the present invention,
for example, because 1t 1s more readily processed using ther-
moplastic techniques such as extrusion and because SIBS
with higher styrene content 1s stitler, and thus more torque-
able, than low styrene content SIBS. Torqueability 1s fre-
quently a desirable feature for various devices that are
inserted 1mto a subject by a physician, including electronic
leads. As noted above, electronic leads commonly 1nclude
lead 1nsulation components through which at least one con-
ductor extends, including single-lumen and multi-lumen
extrusions and tubular 1nsulation layers. By selecting stiffer
materials for such insulation components, the overall torque-
ability of the device may be improved.

In certain embodiments, SIBC’s, including SIBS, having a
relatively high styrene content (1.e., from 15 to 17 to 19 to 21
mol %) are blended with SIBC’s having a relatively low
styrene content (1.e., from 22 to 25 to 30 to 35to 40 to 45 to 50
mol %) to provide, for example, a desired degree of stiflness
and/or processability. For example, SIBS having a relatively
high styrene content can be thermally extruded with SIBS
having a relatively low styrene content. In some embodi-
ments, the high and low content SIBS are combined 1n a

10

15

20

25

30

35

40

45

50

55

60

65

6

pre-blending step (e.g., extruded 1nto the form of pellets, etc.)
prior to extrusion into a final device component (e.g., a single-
lumen or multi-lumen extrusion, etc.)

Thermoplastic elastomers (1TPE’s) other than SIBC’s (re-
terred to herein as “non-SIBC TPE’s™) are also used 1n certain
embodiments of the imnvention. These TPE’s include thermo-
plastic polyurethanes (TPU’s), for example, polyether TPU’s
such as the Pellethane™ family of polyether-polyurethanes
from Dow Plastics, a business unit of the Dow Chemical
Company. Such polymers can assist in providing the torque-
ability that 1s desired for lead matenials, particularly those
TPU materials with higher 1socyanate content, which leads to
higher stiffness/modulus. By employing maternals with
higher stiffness/modulus, thinner material layers may be
employed without sacrificing torqueability, allowing the size
of various medical device components, including leads, to be
reduced.

In addition to polyether TPU’s, non-SIBC TPE’s further
include polycarbonate TPU’s, polysiloxane TPU’s, TPE’s
based on alkyl acrylates and/or alkyl methacrylates such as
poly(methyl methacrylate-b-n-butyl acrylate-b-methyl meth-
acrylate), and TPE’s that comprise polyethylene terephtha-
late segments and fluorinated segments such as PIFE, ETFE,
and hexafluoropropylethylene (HFP) segments, among many
others.

Various TPE’s, including TPU’s such as those described
above, however, can eventually exhibit environmental stress
cracking upon 1nsertion mto a patient’s body, due to the harsh
(e.g., oxidative) conditions that are encountered there. Where
such TPE’s are employed as lead insulation materials, such
cracking can cause a breach in the insulation that allows
bodily flmds to enter the lead and form shorts, for example,
between the conductor(s) and/or the electronic components
that generate current through the conductor(s).

SIBC’s, including SIBS, on the other hand, possess excep-
tional biostability and biocompatibility. Thus 1n certain
embodiments of the invention, a SIBC contaiming material 1s
provided over a non-SIBC TPE containing material such as a
TPU containing material (which may provide, for example,
desirable mechanical attributes) in order to protect the non-
SIBC TPE material from the external environment.

Moreover, slow corrosion of the metal conductor(s) within
clectrical leads 1s often encountered 1n the 1n vivo environ-
ment. The metal 1ons thus generated from the slow corrosion
process are known to react with various TPE 1nsulation mate-
rials, including TPU’s, causing metal 1on oxidation (MIO)
that can result 1n degradation and deterioration of the mate-
rial. This can lead to rapid battery depletion and affect the
ability of the device to reliably provide therapy. A chemically
stable material could act as an excellent barrier 1n preventing
the migration of these detrimental metal 10ons to the TPE
insulation material. In some embodiments of the invention, a
SIBC containing material 1s thus provided between the con-
ductor and a non-SIBC TPE containing material, to protect
the non-SIBC TPE containing material from MIO.

Based on the above and other rationales, in various
embodiments of the invention, leads are formed from mul-
tiple materials, and 1n particular are formed from at least one
SIBC contaiming material and at least one non-SIBC TPE
containing material (e.g., a TPU containing material, etc.).
Examples include leads that comprise the following among
others: (a) a SIBC containing material disposed over a non-
SIBC TPE containing material (e.g., to protect the non-SIBC
TPE containing material {from the surrounding environment),
(b) a SIBC containing material disposed under a non-SIBC
TPE containing material (e.g., to protect the non-SIBC TPE
containing material from MIO due to an underlying conduc-
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tor), (¢) a SIBC containing material disposed over a non-
SIBC TPE containing material which 1s disposed overa SIBC
containing material (e.g., to protect the non-SIBC TPE con-
taining material from the surrounding environment and from
MIO due to an underlying conductor).

In a further embodiment, a non-SIBC TPE containing
material 1s disposed over a SIBC contaiming material which 1s
disposed over a non-SIBC TPE containing matenal.

In various embodiments, the polymer containing materials
that are employed 1n the present invention, including SIBC
containing materials and non-SIBC TPE containing materi-
als, are blended or otherwise combined with one or more
optional supplemental agents as described in more detail
below.

Various specific embodiments of the invention will now be
described with further reference to the drawings. FIG. 1A 1s a
schematic longitudinal cross sectional view of an insulated
(non-electrode) portion of a medical lead 100 1n accordance
with the invention (which may correspond, for example, to an
insulated portion of one of the leads shown 1n FIG. 6, among
many other possibilities). The portion of the lead shown
includes a first coiled conductor 130 and a second coiled
conductor 132 disposed 1n a co-radial arrangement with one
another. An advantage of a coiled configuration for the con-
ductors 130, 132 1s that the various types ol movements
experienced by the lead 1n vivo are converted into torsion,
which the metals that are typically used to form the coils can
readily tolerate. The coiled conductors 130, 132 may be
made, for example, of stainless steel, Eigiloy, or MP35N,
among other suitable conductive materials. The coiled con-
ductors 130, 132 may each be provided with a layer of 1nsu-
lating material, for example, a low-1riction polymeric mate-
rial such as polytetrafluoroethylene (PTFE) or ethylene-
tetrafluoroethylene fluoropolymer (ETFE), among other low-
friction fluoropolymers and non-tfluoropolymers.

The coiled conductors 130,132 are disposed within a tubu-
lar insulation layer 120, which acts to chemically, mechani-
cally and electrically msulate the coiled conductors from the
external environment and can also provide the lead with desir-
able mechanical characteristics such as torqueability.

The tubular msulation layer 120 may comprise a single
matenal, for example a SIBC containing material. As dis-
cussed 1n more detail below, SIBC containing material foruse
in the mvention may comprise, 1in addition to one or more
SIBC’s (e.g., SIBS, etc.), one or more optional supplemental
agents, for example, selected from processing aids, blending
polymers, particulate agents and therapeutic agents, among,
others. Such a tubular msulation layer 120 may be, for
example, solvent coated over the coiled conductors 130,132,
extruded over the coiled conductors 130,132, or first extruded
and then 1nserted over the coiled conductors 130,132, among
other possibilities. In the latter case, the pre-formed tubular
insulation layer 120 may be bonded to the insulating material
on the coiled conductors 130, 132, for example, by a suitable
clevated temperature process such as laser bonding (where
the insulating material 1s a thermoplastic material).

The tubular insulation layer 120 may also comprise two or
more material regions, for example, two or more layers of
material, which may form two or more coaxial tubular mate-
rial regions.

For example, FIG. 1B 1s an expanded view of area “A” of
FIG. 1A in accordance with an embodiment of the invention
and 1ncludes two coaxial tubular material regions 120a and
1206 of differing composition. The outer material region
120a may be, for example, an SIBC containing material such
as that previously described. The inner material region 12056
may be, for example, a non-SIBC TPE containing material.
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As discussed 1n more detail below, non-SIBC TPE containing
materials for use 1n the invention may comprise, in addition to
one or more non-SIBC TPE’s (e.g., one or more TPU’s, for
instance, a polyether polyurethane such as Pellethane®, etc. ),
one or more optional supplemental agents.

The outer material region 120a may be, for example, sol-
vent coated over the inner material region 1205, extruded over
the mner material region 1205, co-extruded with the inner
material region 1205, or first extruded and then nserted over
the mmner maternial region 1205, among other possibilities.
Because the inner and outer matenal regions 120a,12056 are
thermoplastic materials, the outer material region 120a may
be fused to the mner material region 12056 by a suitable
clevated temperature process, for instance, a laser bonding
process. The use of laser bonding creates, for instance, the
potential for high speed manufacturing of leads, reduced
assembly time and/or improved production yield.

As another example, FIG. 1C 1s an expanded view of area
“A” of FIG. 1A m accordance with an alternative embodiment
ol the mvention and i1ncludes three coaxial tubular material
regions of differing composition. The inner and outer material
regions 120aq may be, for example, an SIBC containing mate-
rial 1n accordance with the mvention. The intervening region
1206 may be, for example, a non-SIBC TPE containing mate-
rial in accordance with the invention.

Like FIG. 1A, FIG. 5 1s a schematic longitudinal cross
sectional view of an insulated portion of a medical lead 100 1n
accordance with the invention that includes first and second
colled conductors 130, 132, each of which may be provided
with layer of a switable msulating material, for example, a
fluoropolymer such as those described above, among others.

Unlike FIG. 1A, the first and second coiled conductors
130,132 1 FIG. 5 are disposed 1n a co-axial (rather than
co-radial) arrangement with one another. The mnner coiled
conductor 132 is provided with a tubular insulation layer 122,
which acts to insulate the coiled conductor 132 from the
external environment (and from the outer coiled conductor
130 as well). The inner tubular insulation layer 122 may also
provide the lead with desirable mechanical characteristics
such as torqueability. Examples of materials for the inner
tubular insulation layer 122 include, for example, silicone
rubber, PIFE, ETFE or a TPE containing material, for
instance, a TPU or a SIBC containing material 1n accordance
with the mvention, among others.

The outer coiled conductor 130 1s disposed over the 1nner
tubular isulation layer 122, and an outer tubular insulation
layer 120 1s disposed over the outer coiled conductor 130.
Like the tubular mnsulation layer of FIG. 1A, the outer tubular
insulation layer 120 of FIG. 5 may be formed of a single
material, for example, a SIBC containing material. The outer
tubular insulation layer 120 of FIG. 5 may also comprise two
or more material regions, for example, two or more layers of
material, which may form two or more coaxial tubular mate-
rial regions. Specific examples of two-material and three-
material regions suitable for use 1n the outer tubular insulation
layer 120 of FIG. 5 are described in conjunction with FIGS.
1B and 1C above.

FIG. 2A 1s a schematic longitudinal cross sectional view of
an insulated (non-electrode) portion 100 and a non-insulated
(electrode) portion 1005 of a medical lead 100 1n accordance
with the invention. The portion of the lead 100 shown
includes a polymer containing inner elongated member 140
(which includes one or more lumens along its length). Dis-
posed over the right-hand portion 1005 of the inner elongated
member 140 1s a coiled conductor 130 which may act, for
example, as a shocking/defibrillation electrode for the medi-
cal lead 100. Because 1t acts as an electrode, the coiled con-
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ductor 130 1s either uncoated or coated with a conductive
layer (e.g., a layer of iridium oxide, etc.). Disposed over the
left-hand portion 100a of the inner elongated member 140 1s
a tubular covering 120, which acts to smooth the transition
between the non-electrode portion 100aq and the electrode
portion 1005 (1.e., the tubular covering 120 1s provided to
create a continuous diameter for the device). For example, the
thickness of the tubular covering 120 can be the same as the
diameter of the conductor forming the coil 130, such that the
maximum diameter of portion 100a matches that of portion
1005. (In addition to ensuring a smooth the transition between
the electrode and non-electrode bearing portions 10056,100a,
the tubular covering 120 can also assist in insulating any
conductor(s) lying within the mner elongated member 140,
and may improve the mechanical characteristics of the lead,
including such as torqueability.) The material for the tubular
covering 120 may be, for example, a TPE containing material
(e.g., a TPU or a SIBC contaiming material, etc.) in accor-
dance with the invention. Such a tubular covering 120 mate-
rial may be, for example, solvent coated over the inner elon-
gated member 140, extruded over the inner elongated
member 140, co-extruded with the mnner elongated member
140, or first extruded and then inserted over the inner elon-
gated member 140, among other possibilities.

FIG. 2B 1s a cross section of the device of FIG. 2A, taken
along line B-B, and shows a two-lumen 1inner elongated mem-
ber 140 with tubular covering 120. The lumens of the inner
clongated member 140 may accommodate, for example, a
guidewire and a conductor, two conductors, etc. Other con-
figurations, including nner elongated members with one,
four, five, si1x, seven, eight, etc. lumens are also possible. The
material for the mner elongated member 140 may be, for
example, a silicone containing material or a material contain-
ing a TPE such as a TPU or a SIBC such as SIBS, among other
possibilities. An advantage associated with the use of a TPE
tor the mnner elongated member 140 1s that the member 140
can be extruded (a thermoplastic process). Another advantage
associated with the use of a TPE {for the inner elongated
member 140 1s that the inner elongated member 140 can be
inserted 1nto the tubular covering 120, and the tubular cover-
ing 120 can be fused to the inner elongated member 140 by a
suitable elevated temperature process, for instance, a laser
bonding process. Such a process may be used, for example, to
create a ring shaped thermally fused region 150 as shown 1n
FIG. 2A (e.g., by rotating the device under laser irradiation).
By extending the fused region entirely around the circumier-
ence of device, an effective seal 1s formed between the tubular
covering 120 and inner elongated member 140. Of course a
laser bonding process can produce thermally fused regions of
various shapes 1n addition to ring shaped regions. For
example, the tubular covering 120 can be “spot-fused” to the
inner elongated member 140 at various locations (1n a process
analogous to spot-welding) to prevent unacceptable levels of
movement between the tubular covering 120 and inner elon-
gated member 140 during implantation.

FIG. 3 A 1s a schematic longitudinal cross sectional view of
an isulated (non-electrode) portion 100a and a non-insulated
(electrode) portion 1005 of a medical lead 100 1n accordance
with the invention. FIG. 3B 1s a cross section of the device of
FIG. 3A, taken along line B-B. Like the device of FIGS.
2A-2B, the device of FIGS. 3A-3B includes a polymer-con-
taining two-lumen 1nner elongated member 140, a coiled
conductor 130, and a tubular covering 120. The device of
FIGS. 3A-3B, however, 1s further provided with an additional
tubular covering 122 that surrounds the inner elongated mem-
ber 140. The iner elongated member 140 may be formed, for
example, from a silicone containing material or a material
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containing a TPE such as a TPU or a SIBC such as SIBS,
among other possibilities. The tubular covering 120 and the
additional tubular covering 122 may be formed, for example,
from a material containing a TPE such as a TPU or a SIBC
such as SIBS, among other possibilities. In a specific
example, both the tubular covering 120 and the additional
tubular covering 122 are formed from SIBC containing mate-
rials such as SIBS, such that the inner elongated member 140
1s covered over its entire length by an SIBC containing mate-
rial (e.g., to provide environmental protection, etc.).

As above, advantages associated with the use of a TPE for
the inner elongated member 140 include the ability to extrude
the member 140 and the ability to fuse an assembly consisting
ol a previously formed inner elongated member 140, tubular
covering 120 and additional tubular covering 122 using a
suitable elevated temperature process, for instance, a laser
bonding process. Such a process may result, for example, 1n a
ring shaped thermally fused region 150 as shown in FIG. 3A.

FIG. 4 1s an alternative embodiment of the cross section of
FIG. 3B which shows an inner elongated member 140 having
three lumens. Other configurations, including inner elongated
members with one, four, five, six, seven, eight, etc. lumens are
also possible.

In certain embodiments of the invention, the outer insula-
tion layers of the devices, including insulation layers formed
from SIBC containing materials, may be treated to increase
their lubricity. For example, the outer insulation layers may
be coated with a parylene layer or plasma grafted with a
biocompatible monomer for this purpose, examples of which
include hexamethylene disilazane, C,F, (octatluoropropane),
tritluoromethane and octatluorocyclobutane, among others.

As noted above, 1n various embodiments, the polymer con-
taining materials that are employed 1n the present mnvention,
including SIBC containing materials and non-SIBC TPE con-
taining materials, may be blended or otherwise combined
with one or more optional supplemental agents. For example,
polymers such as SIBC’s and non-SIBC TPE’s may be
blended with one or more of the following agents, among
others: processing aids, blending polymers, particulate
agents and therapeutic agents.

Examples of processing aids include, for example, bio-
compatible plasticizers, which may be provided 1n order to
enhance the extrudability of the material and may be selected
from one or more of the following organic plasticizers, among
others: dioxane, phthalate derivatives such as dimethyl,
diethyl and dibutyl phthalate, glycerol, glycols such as
polypropylene, propylene, polyethylene and ethylene glycol,
citrate esters such as tributyl, triethyl, triacetyl, acetyl triethyl,
and acetyl tributyl citrates, surfactants such as sodium dode-
cyl sulfate and polyoxymethylene (20) sorbitan and polyoxy-
cthylene (20) sorbitan monooleate. Preferred organic plasti-
cizers include polyethylene glycols (including polyethylene
glycols with molecular weights preferably from about 200 to
6,000), dioxane and citrate esters. Citrate esters are renewable
resource derivatives derived from citric acid, a tribasic mono-
hydroxy acid (2-hydroxy-1,2,3-propanetricarboxylic acid),
CH,O-, and a natural constituent and common metabolite of
plants and animals. They are non-toxic and have been used as
plasticizers with a variety of different polymers.

Examples of blending polymers may be selected from one
or more of the following, among others: SIBS with varying
styrene and 1sobutylene content, thermoplastic polyurethanes
with various hard and soft segments including those compris-
ing soit segments selected from polydimethylsiloxane, poly-
isobutylene, polyether and polycarbonate segments.

Examples of particulate materials include, for example,
organically modified silicates. Such agents may act to create
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a tortuous pathway for moisture thereby decreasing the mois-
ture permeability of the region. Moreover, such agents may
maintain the strength and increase the modulus of the mate-
rial. Supplemental particulate agents further include agents
such as alumina, silver nanoparticles, silicate/alumina/silver
nanoparticle composites, and carbon nanofibers, among oth-
ers.

In some embodiments, one or more therapeutic agents are
included within (e.g., blended with) or attached to (e.g.,
covalently or non-covalently bound to) to the polymer con-
taining materials of the invention. Therapeutic agents may be
selected, for example, from one or more of the following,
among others: blood compatibilizing agents such as heparin,
tetraglyme, diamond like carbon, polyethylene glycol, hyalu-
ronic acid, chitosan, methyl cellulose, poly(ethylene oxide),
poly(vinyl pyrrolidone), phosphorylcholine and Taurine con-
taining monomers, among others, prohealing agent such as
such as GRGD, YGSIR and GFOGER peptides and collagen,
antithrombotic agents such as sulfated collagen, heparin,
albumin and hirudin, steroids such as dexamethasone, as well
as phospholipids.

Where a therapeutic agent 1s present, a wide range of
loadings may be used 1n conjunction with the medical devices
of the present invention. Typical therapeutic agent loadings
range, for example, from than 1 wt % orless to 2 wt % to 5 wt
% to 10 wt % to 25 wt % or more of the polymer containing
materials.

Although various embodiments are specifically illustrated
and described herein, 1t will be appreciated that modifications
and variations of the present invention are covered by the
above teachings and are within the purview of the appended
claims without departing from the spirit and intended scope
ol the invention.

The mvention claimed 1s:
1. An implantable and insertable medical device for elec-
trical stimulation comprising:
an 1nternal member selected from an elongated conductor
and an electronic signal generating component; and
an 1sulating region that comprises:

a first isulating layer disposed over the internal mem-
ber, the first insulating layer comprising a polyether
thermoplastic polyurethane, a polycarbonate thermo-
plastic polyurethane, or a polysiloxane thermoplastic
polyurethane; and

a second 1nsulating layer disposed over the first insulat-
ing layer, the second layer comprising a copolymer
that comprises styrene and 1sobutylene, wherein the
second 1nsulating layer 1s an outermost layer of the
device;

wherein the first insulating layer 1s directly thermally
fused to the second insulating layer.

2. The medical device of claim 1, wherein the nsulating
region 1s a tubular msulating region and wherein the internal
member 15 an elongated conductor.
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3. The medical device of claim 2, wherein the tubular
isulating region 1s disposed over a multi-lumen extrusion
within which the conductor 1s disposed.

4. The medical device of claim 3, wherein a coiled elec-
trode 1s disposed around a first portion of the multi-lumen
extrusion and wherein said tubular insulating region 1s dis-
posed around a second portion of the multi-lumen extrusion
that 1s adjacent to the first portion.

5. The medical device of claim 3, wherein the multi-lumen
extrusion 1s covered over its entire length by the second
isulating layer.

6. The medical device of claim 2, wherein the first insulat-
ing layer corresponds to a first tubular insulating layer dis-
posed around the conductor and the second insulating layer
corresponds to a second tubular msulating layer disposed
around the first tubular insulating layer.

7. The medical device of claim 1, wherein the first insulat-
ing layer 1s fused to the second insulating layer via a thermally
fused region that 1s 1n the shape of a ring.

8. The medical device of claim 1, wherein said second
insulating layer comprises a block copolymer that comprises
one or more polystyrene blocks and one or more polyisobu-
tylene blocks.

9. The medical device of claim 1, wherein said second
insulating layer comprises a copolymer that comprises sty-
rene and 1sobutylene and an additional polymer that does not
comprise styrene and 1sobutylene.

10. The medical device of claim 9, wherein said additional
polymer that does not comprise styrene and 1sobutylene 1s
selected from a polyurethane that comprises a polyisobuty-
lene soft segment and a polyurethane that comprises a poly-
dimethylsiloxane soft segment.

11. The implantable and insertable medical device of claim
1, further comprising a therapeutic agent disposed in one or
more of the following: the first insulating layer and the second
insulating layer.

12. Animplantable and insertable medical device assembly
for electrical stimulation consisting of:

an internal member selected from an elongated conductor

and an electronic signal generating component; and

an insulating region comprising;:

a {irst msulating layer disposed over the internal mem-
ber, the first insulating layer comprising a polyether
thermoplastic polyurethane, a polycarbonate thermo-
plastic polyurethane, or a polysiloxane thermoplastic
polyurethane; and

a second 1sulating layer disposed over the first insulat-
ing layer, the second layer comprising a copolymer
that comprises styrene and i1sobutylene, wherein the
second 1nsulating layer 1s an outermost layer of the
device;

wherein the first insulating layer 1s directly thermally
fused to the second insulating layer.
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